It is reported that chlorogenic acid is widely distributed in plants (7) and is the principle polyphenol in tobacco leaves (8) . When the tissues of the tobacco plant are injured, the polyphenols are oxidized and then polymerize, forming a brown pigment. This oxidation is reported to be catalyzed by polyphenol oxidase. Polyphenol oxidase has been identified in many species of plants and the enzyme from potato (3) and mushroom (2) has been investigated in some detail. In most cases the activity of the enzyme has been assayed by determination of the rate of oxidation of catechol using direct or indirect methods.
It is reported that chlorogenic acid is widely distributed in plants (7) and is the principle polyphenol in tobacco leaves (8) . When the tissues of the tobacco plant are injured, the polyphenols are oxidized and then polymerize, forming a brown pigment. This oxidation is reported to be catalyzed by polyphenol oxidase. Polyphenol oxidase has been identified in many species of plants and the enzyme from potato (3) and mushroom (2) has been investigated in some detail. In most cases the activity of the enzyme has been assayed by determination of the rate of oxidation of catechol using direct or indirect methods.
Dawson et al (1) have presented curves indicating that rates of oxygen uptake in the presence of tobacco leaf extracts were greater when chlorogenic acid was used as a substrate than when either catechol or caffeic acid were utilized. These workers, however, did not indicate the concentrations of catechol or caffeic acid used. During the course of this investigation, it was found that the rate of oxidation of chlorogenic acid in the presence of a crude tobacco root extract was about 5-fold greater than the rate of oxidation of catechol. Conversely, the rate of oxidation of catechol catalyzed by a crude mushroom extract was about 6.5-fold greater than that with chlorogenic acid. The enzymes from both sources have been partially purified to determine whether or not more than one polyphenol oxidase was present in each of the extracts. EXPERIMENTAL ASSAY PROCEDURE: The catalysis of the oxidation of various polyphenolic substrates can be determined conveniently by the rate of disappearance of ascorbic acid in the presence of the enzyme and the substrate to be tested, provided that ascorbic acid oxidase is absent. In this procedure, the disappearance of ascorbic acid at 265 m,u is followed spectrophotometrically (6) . The principle of the procedure is similar to that described by Miller et al (5) . The essential difference is that the time for the oxidation of a measured quantity of ascorbic acid was recorded by Miller et al (5) , whereas in the method to be described initial rates of ascorbic oxidation are measured spectrophotometrically. ) with a volume of cold 0.1 M potassium phosphate buffer at pH 7.0 equal in milliliters to the weight of the roots in grams. The entire purification operation was carried out at a temperature between 0 to 40 C unless otherwise indicated. The Omni mixer was operated at 50 % of the line voltage for a period of approximately 10 minutes. The major portion of the solid material was removed by straining the ground material through cheese cloth, and the liquid portion was centrifuged at 25,000 x G for 20 minutes and the supernatant (referred to as fraction 1 in table I) was collected. Sufficient acetone at -150 C was added to the supernatant liquid until a concentration of 37 % by volume was obtained. The precipitate was collected by centrifugation and mixed with 15 ml of 0.1 M potassium phosphate buffer at pH 7.0. The denatured protein was removed by centrifugation at 12,500 x G for 10 minutes and the supernatant (fraction 2 of table I) was collected. Sufficient solid (NH4) 2SO4 was added to fraction 2 to bring the concentration to 60 % saturation. After standing for 10 minutes the precipitated protein was collected by centrifugation at 12,500 x G for 10 minutes and dissolved in 15 ml of 0.03 M potassium phosphate buffer at pH 7.0 (fraction 3 of table I). After dialyzing this fraction for four hours against two liters of 0.03 M potassium phosphate buffer at pH 7.0, the enzyme was adsorbed upon calcium phosphate gel. The adsorption was carried out stepwise by adding successively 2-ml portions of a 10 mg per ml gel suspension. After each gel addition, the suspension of gel and extract was mixed and then centrifuged and the supernatant tested for activity. This procedure was repeated until approximately 85 identical with that described for fraction 2 of table I. The assay procedure with catechol as the substrate was used to determine the extent of adsorption of the enzyme on the gel. SPECIFICITY FOR SUBSTRATES: The major purpose of carrying out the purification experiment reported in tables I and II was to determine the relative effectiveness of chlorogenic acid and of catechol as substrates for the various enzyme fractions.
It is apparent from the specific activities of the various tobacco root fractions (table I) that an overall purification of 153-fold was obtained in fraction 8 (10 % (NH4)2SO4 eluate) when chlorogenic acid was used as a substrate and that a 182-fold purification was obtained for the same fraction when catechol was used as the substrate. As indicated by the ratios of the specific activities with these two substrates, the activities with chlorogenic acid generally ranged from 2.5-to 6-fold greater with chlorogenic acid than with catechol. Fraction 5, however, exhibited greater activity with catechol than with chlorogenic acid. From the variation in the ratios of activities with the two substrates it is apparent that tobacco roots contain more than one polyphenol oxidase.
From the data presented in table II, it is obvious that various fractions of mushroom extracts catalyze the oxidation of both chlorogenic acid and catechol. In contrast with the results obtained with the tobacco root fractions, the activity with catechol is considerably greater than that with chlorogenic acid. When chlorogenic acid was used as a substrate the greatest specific activity was obtained with fraction 6 which represents a 31-fold purification. When catechol was used as the substrate fractions 8 and 9 of the mushroom extracts exhibited the greatest specific activities and the purifications of these fractions were 44-fold and 39-fold respectively. It is apparent from the ratios of activities with the two substrates that the crude mushroom extract also contains more than one polyphenol oxidase.
In order to determine whether or not the difference in the rates of oxidation of chlorogenic acid and catechol was due to a difference in affinity for the enzyme, the Km values were determined for the 5 % (NH4)2SO4 gel eluates of tobacco (fraction 7, 6 x 104 M which is the KM for catechol when tobacco extract was used it is apparent that the affinity of the mushroom enzyme for catechol is considerably greater than that of the tobacco enzyme.
It seems apparent that more than one polyphenol oxidase is present in these species and that thorough purification must be accomplished before the individual components can be completely characterized.
It has been established that certain extracts from both tobacco roots and mushroom sporophores will catalyze the oxidation of dihydroxyphenylalanine, and caffeic acid, however, initial detailed studies of substrate specificities have been limited to chlorogenic acid and catechol. Preliminary experiments with crude extracts from potato show that catechol is about 60 % as effective as chlorogenic acid as a substrate for potato polyphenol oxidase(s). In this regard Yakushiji et al (9) have reported that chlorogenic acid was more rapidly oxidized in presence of potato polyphenol oxidase than was catechol.
SUMMARY
Evidence is presented indicating that crude tobacco extracts catalyze the oxidation of chlorogenic acid much more rapidly than catechol. Conversely the rates of oxidation of catechol catalyzed by mushroom extracts are much more rapid than those with chlorogenic acid. Evidence obtained from purification experiments indicate both mushroom and tobacco contain more than one enzyme capable of catalyzing the oxidation of polyphenolic compounds.
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